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SUMMARY 


It  Is  desirable,  in  the  performance  of  an  airdrop  mission,  to  reduce 

che  vulnerability  of  the  aircraft  to  surface-to-air  missiles.  Vulnerability 
can  be  reduced  if  the  airdrop  can  be  performed  at  higher  altitudes  ranging  up 
to  25,000  feet  (7,600  m) .  The  U.S.  Army  Natick  Research  and  Development 
Command,  NARADCOM,  is  administering  a  program  to  determine  the  possibility  of 
developing  a  multi-stage  system  for  airdropping  platform-mounted  cargo  (such 
as  vehicles,  artillery  weapons,  and  bulk  supplies)  from  aircraft  flying  at 
these  high  altitudes.  Airdrop  from  these  heights  requires  that  the  greater 
portion  of  the  trajectory  be  traversed  at  the  highest  attainable  rate  of 
descent  so  that  wind  drift  error  accumulation  is  minimized,  "staging"  in 
this  multi-stage  system  refers  to  changes  in  drag  area  introduced  at  various 
points  in  the  trajectory  to  provide  a  low-drag,  high-apeed  stage  for  minimizing 
wind  drift,  and  a  high-drag,  low-speed  terminal  stage  that  is  compatible  with 
ground  impact  requirements  of  the  airdropped  items. 

The  drag  area  of  platform-mounted  airdrop  loads  ordinarily  can  be  min¬ 
imized  by  orienting  them  ao  that  the  long  axis  of  the  platform  pointB  into  the 
relative  wind.  Therefore,  a  decision  was  made  to  examine  means  for  orienting 
and  stabilizing  the  platform  loads  in  this  favorable  attitude  during  the  high¬ 
speed  descent  portion  of  the  trajectory.  NARADCOM  designed  and  conducted  a 
series  of  nineteen  airdrops,  based  upon  this  approach,  where  the  ring  slot 
parachute  used  for  extraction  was  also  used  for  stabilization.  The  results 
indicated  merit  in  the  approach.  Also  a  major  problem  was  identified  which 
consisted  of  a  pitch  oscillation  of  considerable  magnitude  that  tended  to  increase 
the  average  drag  and  alow  the  descent  rate.  To  resolve  this  stability 
problem  and  examine  configurations  that  would  further  reduce  the  descent  time, 
a  contractor-conducted  exploratory  development  program  was  sponosored  by  NARADCOM. 

A  six-phase  program  was  planned.  This  program  was  designated  the 
HLPADS  program  for  High  Level  Platform  Airdrop  System.  The  first  phase  was  a 
configuration  study  during  which  concepts  for  the  system  were  developed  that 
possessed  attributes  designed  to  accomplish  the  system’s  goal  of  high-speed, 
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stabilized  descent.  The  second  phase  provided  for  the  construction  of  models 
and  conduct  of  wind  tunnel  tests  for  those  configurations  considered  to  have 
the  greater  merit.  The  third  phase  was  analytical ,  where  the  information 
derived  from  the  wind  tunnel  testa  ware  used  in  mathematical  models  of  the 
different  conf lgurstiona  to  determine  their  theoretical  performance.  Computa¬ 
tions  were  performed  on  the  computer  which  simulated  the  total  performance  of 
each  configuration.  Variations  were  made  to  the  mathematical  models  of  some 
of  the  configurations  to  obtain  information  helpful  in  selecting  the 
designs  for  final  detail  devalopmant.  The  fourth  phaae  provided  for  detail 
design  of  the  hardware  to  be  uaed  in  system  teats.  The  fifth  phaae  provided 
services  for  ths  fabrication  and  delivery  of  the  teat  hardware.  Tha  sixth 
phase  is  a  test  program  designed  to  evaluate  the  performance  of  the  HLPADS 
system  concepts.  The  test  program  la  to  be  conducted  by  the  government  without 
contractor  participation. 


PREFACE 


This  report  documents  work  performed  during  the  period  from  September  1977 
through  June  1979  on  the  exploratory  development  of  a  High  Level  Platform  Airdrop 
System  (HLPADS).  The  work  was  conducted  by  the  AAI  Corporation,  Industry  Lane, 
Cockeysville,  Maryland  21030,  under  contract  DAAK60-77-C-0073  with  the  U,S.  Army 
Natick  Research  &  Development  Laboratories,  Natick,  Massac,-  etts. 

Mr.  Edward  J,  Ciebutowski  managed  this  program  for  NLABfi , 

A  series  of  wind  tunnel  tests  were  performed  with  scale  models.  Tho  test 
results  have  been  assimilated  into  laboratory  notebooks.  These  records  also 
contain  calculations  used  in  the  feasibility  determination  of  various  stabilization 
systems,  The  results  of  the  testing  and  calculations  may  be  obtained  by  contacting 
the  project  officer  at! 

Commander 
IJRANLABS 
ATTN!  DRDNA-UAS 
Natick,  MA  01760 
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EXPLORATORY  DEVELOPMENT  OF  A  HIGH  LEVEL  AIRDROP 
SYSTEM  FOR  PLATFORM  MOUNTED  CARGOS 

I .  INTRODUCTION 

This  report  outlines  the  work  conducted  by  the  contractor  for  the 
exploratory  development  of  an  airdrop  system  that  will  enable  the  airdrop  of 
platform-mounted  loads  from  aircraft  operating  at  altitudes  up  to  25,000  feet 
(7,600  m).  The  work  was  conducted  over  the  period  from  September  1977  through 
June  1979.  The  purposes  of  the  program  were  to: 

1.  Study  the  problem  of  pitch  instability  encountered  by  platform 
cargos  when  airdropped  from  high  levels  using  a  two-Btage  recovery  system. 

2.  To  develop  a  technique  which  would  reduce  pitch  oscillations 
while  providing  the  minimum  possible  drag  to  insure  a  rapid  rate  of  descent. 

3.  To  fabricate  prototype  equipment  for  government-run  airdrop  tests. 

Specifically,  the  tasks  involved  in  the  program  were  to: 

1)  Review  the  problems. 

2)  Generate  concepts  for  solution. 

3)  Determine  necessary  aerodynamic  characteristics  with  wind 
tunnel  testing. 

A)  Simulate  the  performance  of  the  concepts  through  mathematical 
modeling. 

5)  Evaluate  the  performance  of  the  various  concepts  to  determine 
the  best  overall  concept. 

6)  Fabricate  prototype  equipment  for  full-scale  airdrop  tests. 

The  study  began  with  a  review  of  movies  and  data  from  the  High  Level 
Platform  Airdrop  Tests  conducted  at  El  Centro,  California.  That  feasibilitv 
tost  of  a  two-stage  airdrop  system  showed  that  platform  cargos  dropped  from 
high  levels  are  subject  to  large  pitch  oscillations  unless  the  location  of 
the  cargo  c.g.  can  be  placed  fairly  far  forward  on  the  platform,  or  unless  a 
relatively  large  parachute  (the  extraction  parachute)  is  used  for  stabilisation. 
However,  it  may  not  always  be  possible  to  rearrange  the  cargo  so  that  the  c.g. 

Is  in  an  ideal  position,  and  the  use  of  large  stabilisation  parachutes  increases 
the  overall  drag  on  the  cargo  which  in  turn  increases  the  descent  time. 
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Early  in  the  program  several  stabilizing  techniques  were  considered 
Including  deployable  monowing  and  biwing  devices  bb  well  as  various  bridle 
and  boom  extension  arrangements  which  could  be  used  to  increase  the  efficiency 
of  relatively  small  stabilizing  parachutes.  Four  platform  cargo  configurations 
were  selected  from  "Airdrop  of  Supplies  and  Equipment,  Reference  Data  for 
Airdrop  Platform  Loads"  (FM  10-316)  for  modeling  and  wind  tunnel  testing  in 
conjunction  with  the  stabilizing  devices.  Effort  waB  made  to  select  cargos 
which  would  provide  a  representative  cross  section  of  weights,  platform  size, 
platform  loading  density,  and  c.g.  location.  Static  wind  tunnel  tests  were 
made  for  all  combinations  of  cargo  and  applicable  stabilizing  device.  Four 
configurations  (two  cargos  each  with  biwing  and  monowing  stabilizers)  were 
subjected  to  dynamic  tests  to  determine  pitch  damping  moment  coefficients. 

The  wind  tunnel  data  wsb  used  in  a  two-dimensional  computer  model 
which  simulates  cargo  extraction  and  descent  in  order  to  analyze  pitch  plane 
performance  of  the  various  stabilizing  techniques.  Based  on  the  computer 
results  of  aerodynamic  performance  and  other  considerations  such  as  cost, 
mechanical  design,  and  safety;  a  technique  which  employs  an  extended  structure 
for  attachment  of  a  bridle  suspension  system  was  selected  as  the  most  probable 
to  successfully  meet  the  design  goals  in  the  near  term.  Prototype  equipment 
was  designed  and  fabricated  for  full-scale  airdrop  testB. 

11.  REVIEW  OF  GOALS  AND  REQUIREMENTS 

The  main  performance  goals  of  tue  platform  pitch  stabilization  system 
were  to  limit  pitch  oscillations  to  +20°  with  respect  to  flight  path  trajec¬ 
tory  during  the  high-speed  descent  stage,  and  to  minimize  drag  bo  that  the 
maximum  possible  descent  velocity  could  be  obtained.  It  was  also  desired  to 
maintain  as  many  current  tigging  techniques,  standard  hardware  items  and  extrac¬ 
tion  procedureo  as  possible,  although  additions  and  modifications  to  the  plat¬ 
form  were  allowed.  The  scope  of  the  investigation  was  to  include  consideration 
of  the  following! 

(1)  All  platform-mounted  cargo  as  currently  described  in  FM  10-516, 
Reference  Data  for  Airdrop  Platform  Loads,  dated  September  1975. 
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Cargo  rigged  weights  of  2,500  to  35,000  pounds  (1,133  to 


(2) 

15,675  kg). 

(3)  Platform  lengths  of  eight  to  twenty-eight  feet  (2.4  to  8.5m) 
in  increments  of  four  feet  (1.2m)  and  width  of  nine  feet  (2.7m). 

(4)  Compatibility  with  the  physical  confines,  restraint  requirements, 
and  operating  procedures  of  the  C— 130  aircraft  equipped  for  airdrop/cargo 
handling. 

(5)  Launch  speeds  of  up  to  150  knots  indicated  airspeed  (77m/sec) 
at  altitudes  covering  the  range  between  5,000  and  25,000  feet  (). ,500-7 ,600m) 
above  eea  level  (assumed  ground  level) . 

(6)  Compatibility  with  extraction  forces  between  3, .'.:0  and  46,400 
pounds  (14,545-206,400  N) . 

(7)  Compatibility  with  extraction  of  the  payload  from  the  aircraft 
and  the  deployment  of  subsequent  stages  of  parachutes,  i.e.,  the  configuration 
of  any  first  stage  stabilisation  scheme  must  not  complicate  nor  jeopardize  any 
function  of  the  system  which  must  be  performed  preceding  or  following  the 
stabilized  high-speed  stage. 

(8)  Limitation  of  the  design  of  stabilizing  devices  to  passive  types 
which  inherently  increase  stability  when  in  their  deployed  position.  Active 
controls  involving  use  of  feedback  information,  as,  for  Instance,  the  monitor¬ 
ing  of  attitude  end  deflection  of  control  surfaces  to  maximize  stabilizing 
moments  accordingly  were  to  be  considered  outside  the  scope  of  this  investi¬ 
gation  for  reasons  6f  cost  and  complexity. 

(9)  Retention  of  as  many  standard  airdrop  components  as  possible. 

In  particular,  it  was  desired  to  retain  the  current  and  developmental  airdrop 
platforms  with  the  exception  that  an  additional  platform  length  not  exceeding 
four  feet  would  be  allowed  to  accommodate  attachment  of  some  types  of 
stabilization  devices. 
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III.  TECHNICAL  CONSIDERATION 

A.  Study  Methodology 

1.  Platform  Cargo  Characteristics 

Early  in  the  program,  a  survey  was  made  of  rigged  platform 
cargo  characteristics  in  Army  FM  10-516  "Airdrops  of  Supplies  and  Equipment, 
Reference  Data  for  Airdrop  Platform  Loads".  The  manual  contains  dimensional 
data,  weight,  c.g,  location  from  platform  leading  edge,  extraction  technique 
information,  and  other  information.  Additional  data  required  such  as  the 
height  of  the  c.g.  above  the  platform  and  the  pitch  plane  mass  moment  of 
inertia  about  the  c.g.  were  calculated  using  information  available  and  esti¬ 
mates  obtained  by  scaling  from  photographs.  This  Information  is  summarised 
in  Table  1.  It  was  from  this  data  that  the  configurations  for  wind  tunnel 
modeling  were  selected, 

2.  Stabilization  Concepts 

Several  concepts  were  considered  for  stabilizing  platform 
cargos  during  the  high-speed  descent  phase  of  the  staged  airdrop  system,  The 
basic  theory  behind  all  of  them  was  to  lncraaaa  the  magnitude  of  aerodynamic 
restoring  moments  needed  to  overcome  the  overturning  moments  on  the  cargo 
without  unnecessarily  increasing  the  overall  drag.  One  technique  was  to  im¬ 
prove  the  efficiency  of  a  stabilising  parachute  by  using  various  extensions 
and  bridle  suspension  systems  at  the  aft  of  the  cargo  platform.  Such  devices 
increase  the  effective  moment  arm  for  providing  restoring  torque  and  allow 
the  use  of  smaller  parachutes.  A  second  technique  was  to  use  deployable  wing 
stabilizers  mounted  behind  the  cargo  platform.  These  devices  provide  lift  as 
well  as  drag.  The  moment  created  by  the  lift  force  supplies  significant  re¬ 
storing  torque  without  greatly  increasing  drag.  The  concepts  considered  are 
briefly  described  below. 

a .  Rigid  Boom 

The  rigid  boom  is  one  of  the  simplest  improvements  that 
can  be  made  to  the  platform  cargo  configurations.  Basically  it  cons is ta  of 
extending  the  attachment  point  for  the  extraction  parachute  aftward  by  a 
fixed  amount.  One  of  the  primary  contract  goals  Imposes  a  limit  of  4  ft.  to 
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nnv  addition  to  the  rigged  cargo  length  as  stowed  in  the  aircraft.  Using 
this  restriction  as  a  guideline,  a  configuration  wqs  considered  in  which  the 
platform  rails  would  be  extended  and  an  extra  4-ft.  platform  section  added . 

The  configuration  assumes  that  a  rigid  member  would  be  attached  to  the  extrac¬ 
tion  pintle  of  the  cargo  to  carry  the  extraction  and  suspension  loads  from  the 
stabilizing  parachute.  Structure  added  to  the  rail*  of  both  the  extension 
and  cargo-carrying  portion  of  the  platform  would  be  attached  to  the  member 
connected  to  extraction  pintle  to  enable  restoring  moments  provided  by  the 
parachute  to  be  transferred  to  the  cargo.  Bulk  cargos  and  other  loads  which 
use  platform  extraction  would  have  the  stabilising  parachute  attached  directly 
to  the  structure,  and  all  of  the  restoring  momsnts  would  be  transferred  to 
the  platform  rails . 

Early  in  the  program,  consideration  was  given  to  "tele¬ 
scoping"  concepts  which  would  allow  the  boom  to  be  extended  beyond  the  stowed 
configuration.  However,  it  was  found  that  significant  rigidity  could  not  be 
obtained  without  greatly  increasing  weight  and  size,  so  the  telescoping  con¬ 
cepts  were  abandoned, 

Computer  analyses  revealed  that  the  rigid  boom  extension 
with  its  single  attachment  point  for  the  stabilizing  parachute  was  not  efficient 
unough  to  reduce  oscillations  to  the  desired  rings  without  using  a  relatively 
large  drag  area.  In  addition,  the  structure  needed  to  support  the  boom  would 
have  to  be  almost  sb  complex  as  that  for  other  more  efficient  schemes.  For 
these  reasons  the  rigid  boom  concept  was  not  given  detailed  design  consideration, 
b,  Bridle  Attachment 

Attaching  a  stabilizing  parachute  to  the  cargo  by  meant 
of  a  bridle  arrangement  of  suspension  slings  has  the  advantage  of  increasing 
the  moment  arm  for  restoring  torque  and  distributing  the  suspension  force  more 
uniformly.  A  four-point  attachment  scheme  was  considered  whereby  the  para¬ 
chute  forces  were  applied  through  a  structure  attached  to  the  platform  rails, 

The  device  is  shown  schematically  in  Figure  1.  For  cargos  which  are  "platform 
extracted",  the  extraction  force  can  be  applied  directly  through  the  bridle 


14 


.it  taclimont  structure.  For  heavier  cargos  in  whicli  the  extraction  parachute 

is  attached  to  the  cargo  Itself,  the  open  construction  of  the  bridle  structure 
would  allow  attachment  to  the  load  pintle  without  interference.  Both  extrac¬ 
tion  techniques  would  require  a  two-stage  operation  in  which  the  load  from 
the  relatively  high-drag  extraction  parachute  is  transferred  to  a  smaller  low- 
drag  stabilization  parachute. 

Computer  analysis  of  the  simple  four-point  bridle  concept 
showed  that  it  is  not  efficlsnt  enough  to  limit  oscillations  to  within  the 
range  of  the  design  goals  without  the  use  of  a  relatively  large  parachute. 

c.  Extended  Bridle  Attachment 

The  extended  bridle  attachment  concept  combines  the 
advantages  of  both  the  boom  extension  and  the  bridle  suspension  configuration. 

It  is  illustrated  schematically  In  Figure  2.  The  bridle  attachment  arrange¬ 
ment  on  the  extended  structure  enables  the  restoring  torque  to  be  applied 
through  a  moment  arm  equal  to  the  diagonal  from  the  cargo  c.g.  to  the  corners 
of  the  extension  structure.  The  open  center  of  the  extension  structure  allows 
extraction  from  either  the  platform  or  the  cargo.  Closing  the  top  and  bottom 
of  the  extension  structure  with  a  "membrane"  of  aluminum  provides  strength  and 
rigidity  to  the  structure  and  also  creates  soma  restoring  torque  from  lift  and 
drag  on  these  surfaces, 

The  extended  bridle  structure  wsb  one  of  the  configurations 
modeled  for  wind  tunnel  teats.  Computer  analysis  using  wind  tunnel  data  showed 
that  this  ci  ncept  is  relatively  effective  in  reducing  pitch  oscillations  with 
a  small  parachute.  Its  effectiveness  and  relatively  simple  design  made  this 
concept  very  attractive.  Additional  analysis  and  design  details  are  presented 
in  subsequent  sections. 

d .  Monowing 

The  monowing  concept  uses  a  structure  similar  to  that  for 
the  extended  bridle  attachment  system  to  support  two  small  wings  extending 
into  the  airstream,  The  basic  concept  is  shown  in  Figure  3.  The  wings  are 
equipped  with  rollers  and  mountad  in  traoks  in  the  extension  structure.  While 
stowed  in  the  aircraft,  the  wings  ere  retracted  in  the  tracks  so  that  they  do 
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nol  protrude  beyond  the  side  of  the  cargo.  Shortly  after  extraction,  force  is 
transferred  to  a  small  drogue  parachute.  The  force  from  the  drogue  slides  the 
wings  outward  to  either  side  and  locks  them  into  place.  The  drogue  Is  retained 
throughout  the  first  stage  of  the  deacent  and  is  later  used  to  deploy  the  main 
recovery  parachutes, 

Using  the  4-ft,  allowance  for  rearward  extension  as  a 
guide-line,  each  wing  can  be  made  4  ft.  by  9  ft.  When  deployed,  each  wing 
extends  6  ft.  to  either  side,  leaving  3  ft.  engaged  in  th '  tracks  to  provide 
support.  Weight  is  kept  to  a  minimum  by  constructing  the  wings  from  aluminum 
skin  bonded  to  a  plastic  foam  core. 

The  monowing  stabilizer  was  one  of  the  configurations 
modeled  for  wind  tunnel  test.  Data  used  with  math  model  analyses  showed  that 
tlie  monowing  is  effective  in  reducing  pitch  oscillations  and  its  low  drag 
configuration  allows  a  high  rate  of  descent.  In  addition,  the  structure  re¬ 
quired  to  mount,  deploy,  and  support  the  wings  is  relatively  simple.  For  these 
reasons,  the  monowing  stabilizer  Was  considered  a  relatively  attractive  concept, 
e.  Biwing 

The  biwing  stabilizer  is  similar  to  the  monowing  concept 
in  that  it  uses  wings  extending  to  the  side  of  the  cargo  from  a  structure  mounted 
on  the  back  of  the  platform.  The  difference  is  that  ths  biwing  system  uses 
two  sets  of  wings;  one  set  low  along  the  plane  of  the  platform  and  one  set 
mounted  at  the  top  of  the  extension  structure.  The  basic  concept  is  illustrated 
In  Figure  4. 

The  original  concept  called  for  a  double  set  of  sliding 
winga.but  it  was  found  that  the  weight  waB  high.  To  reduce  the  overall  weight, 
n  "folding"  wing  scheme  was  devalopsd.  With  this  arrangement,  the  wings  are 
mounted  along  the  top  and  bottom  edge  of  the  extension  structure.  Bach  wing 
rotates  about  its  inside  edge  so  that  when  stowed  in  the  aircraft,  the  wlngB 
are  folded  flat  along  the  side  of  the  extension  structure.  Diagonally  opposed 
wings  ere  linked  so  that  they  have  to  act  in  unison.  This  linkage  helps  to 
balance  the  aerodynamic  forces  scting  on  the  wings  during  deployment* 
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That  is i  an  aerodynamic  force  tending  to  open  one  wing  (possibly  causing  an 

impact  overload  from  too  high  an  opening  rate)  is  counterbalanced  by  the  aero¬ 
dynamic  force  on  the  diagonally  opposed  wing  which  acts  to  retard  the  rate  of 
opening . 

Both  sets  of  wings  are  opened  by  the  force  of  a  small 
drogue  parachute  deployed  shortly  after  extraction.  The  force  is  applied  to 
a  large  diameter  drum/crank  linked  to  the  wings,  and  causes  them  to  rotate 
open  and  lock  in  place  with  support  struts.  The  use  of  support  struts  with 
this  system  greatly  reduces  the  bending  loads  on  the  wings  and  allows  a 
thinner  wing  profile.  However,  the  center  mounted  drum/crank  increases  the 
difficulty  in  applying  the  extraction  load  directly  to  the  cargo. 

The  biwing  concept  was  modeled  for  wind  tunnel  test,  and 
the  data  was  used  for  computer  analysis.  The  lsrga  restoring  moments  and 
aerodynamic  symmetry  make  the  btwing  the  most  aerodynamic ally  efficient 
system.  Fitch  oscillations  ara  held  to  a  minimum,  damping  is  rapid,  and 
trim  angles  are  small.  The  low  drag  associated  with  the  system  allows  a 
high  rate  of  descent.  However,  because  of  the  added  weight,  complexity  of 
deployment  mechanism,  and  problems  associated  with  extraction,  this  concept 
could  not  be  recommended, 

3.  Wind  Tunnel  Tests 
a .  Models 

Four  cargo  configurations  were  chosen  to  be  tested  with 
each  of  the  stabilisation  concepts,  The  configurations  were  selected  on  the 
basis  of  size,  weight,  shape,  and  c.g.  locations  as  well  as  estimated  airdrop 
frequency  and  applicability  of  the  cargo  under  a  variety  of  military  opera¬ 
tions  .  The  selection  process  was  largely  qualitative,  but  with  an  effort  to 
pick  extremeo  as  well  as  representative  configurations.  The  platform  sizes 
represented  lengths  of  24,  20,  12  and  8  feat,  The  configurations  selected  are 
summarized  in  Table  2.  It  was  felt  that  all  of  the  cargos  selected  would  be 
appropriate  for  a  variety  of  combat  and  non-combat  operations.  The  M38A1 
k-ton  truck  represents  one  of  the  least  stable  c.g.  locations  of  all  of  the 
cargos  in  Table  1.  The  500-gallon  tank  with  dispenser  represents  the  heaviest 
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Cargo  Configurations  Used  For  Wind  Tunnel  Models 


load  for  an  8-ft.  platform.  The  M561  %-ton  truck  and  M36A2  2^-ton  truck 
represent  virtually  median  weights  for  their  respective  platform  lengths 
and  near  mid "point  c.g,  locations. 

Wind  tunnel  models  were  l/8th  scale  to  facilitate 

handling  and  mounting,  and  to  minimise  Interference  caused  by  proximity  to  the 

walls  of  the  tunnel  test  section.  The  reference  length  used  for  all  models 

was  the  platform  width  which  remained  the  same  for  all  models.  The  reference 

area  for  each  model  was  its  nominal  platform  area.  Contract  requirements 

£ 

called  for  a  minimum  Reynolds  number  of  1,8  x  10  ,  The  wind  tunnel  airspeed 
used  to  meet  this  requirement  was  256  fps  (175  mph) . 

Models  were  constructed  by  the  University  of  Maryland 
wind  tunnel  shop  according  to  sketches  supplied  by  Ml.  The  cargo  models  were 
made  of  white  pine.  The  platform  models  and  various  stabilising  devices  were 
made  of  aluminum.  Stabilizing  devices  were  constructed  to  be  interchangeable 
among  all  of  the  cargo  models  and  were  mounted  to  the  platform  with  bolts 
through  a  series  of  holes  along  the  platform  edges.  The  mounting  holes  made 
it  relatively  easy  to  change  from  one  stabilizing  device  to  another  and  to  make 
adjustments  to  certain  test  parameters  such  as  rearward  setback  of  wings, 
different  wing  profiles,  etc.  Pictures  of  the  models  with  various  stabilizing 
structures  attached  are  shown  in  Figures  5  through  9.  In  tha  Interest  of  time 
and  funds,  the  overall  envelope  of  the  cargo  was  modeled,  but  no  attempt  was 
made  to  provide  minute  detail  or  to  model  the  rigging.  It  was  felt  that  the 
non-detailed  nature  of  the  models  helped  to  simulate  the  "aerodynamic  roughness" 
caused  by  the  rigging. 

For  several  reasons,  no  attempt  was  made  to  mount  para¬ 
chutes  on  the  bridle  attachment  structures.  The  number  of  possible  combinations 
of  parachute  size  and  riser  line  length  would  have  greatly  Increased  the 
number  of  tests  required,  and  in  some  cases  the  mounted  parachute  could  have 
extended  beyond  the  tunnel  test  section.  The  performance  characteristics  of 
standard  parachute  configurations  are  well  documented, and  so  the  affect  of 
adding  a  parachute  could  be  easily  simulated  with  mathematical  modeling  once 
the  characteristics  of  the  cargo  forebody  were  knovn. 
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M38A1,  1/4 -Ton  Truck  Model  With  Simulated  Simple  Rigid  Boom 

Figure  6* 


i 


Each  model  designated  for  static  testing  only  was  fitted 

with  rigid  mounting  plate  in  its  sides,  as  shown  in  Figure  5,  The  mounting 
plate  was  located  to  position  the  wind  tunnel  mounting  strut  at  the  c.g.  of 
the  full  scale  configuration.  Models  were  mounted  "sideways"  in  the  tunnel 
test  section  so  that  pitch  angle  measurements  were  actually  "yew"  angles  with 
respect  to  the  tunnel  force  balance  system.  This  mounting  arrangement  was 
used  to  eliminate  any  gravitational  pitching  momenta  caused  by  the  fact  that 
the  actual  model  c.g.  might  not  correspond  to  the  c.g.  location  of  the  full 
scale  model.  The  models  designated  for  dynamic  tests  as  well  as  static  testa 
were  equipped  with  bearings,  as  shown  in  Flgura  6.  Tha  bearings  allowed  them 
to  pivot  freely  on  the  mounting  strut.  For  static  testa,  the  dynamic  models 
were  attached  rigidly  to  the  strut  with  bolts  Into  the  bearing  mounting  plate 
in  the  model, 

b.  Test  Procedure 

Static  teBts  and  dynamic  tests  were  performed  in  the 
University  of  Maryland  wind  tunnel  facility  at  Collage  Park,  Maryland.  As 
previously  mentioned,  models  were  mounted  on  their  side  so  that  they  would 
pivot  about  the  axis  corresponding  to  the  full  scale  cargo  c,g.  location. 

This  mounting  technique  was  used  to  avoid  possible  problems  associated  with 
"gravitational  moments"  created  if  the  c.g,  of  tha  model  did  not  coincide 
with  the  location  of  the  full  scale  c.g. 

(1)  Static  Testa 

Static  testa  ware  used  to  determine  lift  coefficient, 
drag  coefficient,  moment  coefficient,  end  center  of  pressure  data  as  a  function 
of  angle  of  attack.  The  range  for  angle  of  attack  was  limltad  to  ±30  degrees. 
Initially,  readings  were  taken  at  two-degree  increments  with  angle  of  attack 
sweeps  from  both  negative -to-positive  and  posltlve-to-negatlve.  However,  it 
was  found  that  the  data  increments  could  be  increased  and  that  a  single 
angular  swaep  could  be  ueed  with  no  lues  of  accuracy.  It  was  also  found  that 
an  "image  strut"  attached  to  the  model  on  the  opposite  side  from  the  mounting 
strut  wae  unnecessary,  Force  and  moment  data  were  recorded  automatically  by 
computer  and  also  manually  aa  a  back-up  record.  The  force  and  moment  data  were 
automatically  converted  to  coefficient  form  by  the  computer. 
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Some  of  Che  variables  that  wore  specified  for 

examination  were  the  effeets  of  rearward  setback  of  the  monowing  and  biwing 
and  the  relative  difference  in  performance  between  "flat  plate"  wing  stabilisers 
and  "airfoil"  wings.  As  tests  progressed,  several  other  variations  were 
examined  such  as  mounting  the  monowing  at  a  height  corresponding  to  the  top  of 
the  cargo,  rather  than  the  bottom,  and  reversing  the  cargo  on  the  platform. 

The  effect  of  Reynolds  number  wee  checked  by  running  one  configuration  at 
velocities  25  mph  above  and  below  the  nominal  teet  speed  of  175  mph. 

In  general,  the  static  teats  showed  that  cargos 
with  no  stabilizing  device  were  unstable.  Cargos  with  the  extended  bridle 
attachment  structure  alone  (no  parachute  attached)  were  marginally  unstable* 

Most  cargos  with  the  monowing  and  biwing  stabilisers  were  statically  stable. 

The'  V-ton  truck  was  uneteble  with  the  normal  monowing.  The  overall  performance 
of  the  "flat  plate"  wing  stabilizer*  was  better  than  that  for  the  "airfoil" 
wing  stabilizers.  It  is  felt  that  this  was  a  result  of  the  large  range  of 
angle-of-attack  and  a  greater  contribution  of  drag  to  the  restoring  moment 
provided  by  the  stabiliser.  Variations  of  the  air  speed  shewed  that  there  wee 
no  significant  difference  in  aerodynamic  characteristic*  within  the  range  of 
Reynold!  number*  tee  ted, 

The  schedule  of  cargo/stabiliser  conf iguratione 

tested  la  shown  in  Table  3. 

(2)  Dynamic  Taste 

Dynamic  tests  were  performed  to  determine  pitch 
damping  moment  coefficients  for  the  monowing  and  biwing  stabilizers.  Models 
used  for  dynamic  testing  were  fitted  with  bearing*  along  the  pitch  plane  c.g. 
axle  and  were  mounted  sideways  on  the  mounting  strut  so  that  they  were  free  to 
rotate.  Angular  diaplacements  were  sensed  with  a  potentiometer  and  automatically 
plotted  aa  a  function  of  time  by  e  strip  chart  recorder.  A  free  oseilletion 
technique  was  ueed  whereby  the  model  was  given  an  initial  angular  displacement 
and  released .  An  initial  angular  displacement  of  +30°  was  achieved  by  re¬ 
straining  the  modal  with  e  lanyard  extending  through  e  small  hole  in  the  wind 
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TABLE  J 


SUMMARY  INDEX  OF  WIND  TUtttlEL  T88T  CQHFIOURATIONS 

Uulvaraity  of  Maryland  Tait  Striae  No.  803  Fab.  13-17,  1978 
(All  runa  at  V  •  175  MPH  unlaaa  otUarwlaa  notad) 


Mn  aaaljjuajiigfl 

1  1/4  ton  Truck/Pletfora  +  Image  Stryt 

1  1/4  ton  Truck/Platform',  Imaga  Strut  off, 

J  1/4  Ton  Truck/Platform  (Rerun  ot  1/2  working  iron  nogativa  to  poaltlve) 

4  1/4  ton  Truck/Platform  +  Attachment  Struetr. 

3  1/4  Ton  Truck/Platform  *  Attachment  Struetr.  4  Lower  Plat  Wing 

6  1/4  Ton  Truck/Platform  -4  Attachment  Struetr.  4  Biwing  (Flat) 

7  1/4  Ton  Truck/Platform  +  Attachment  Struetr.  4  Bluing  (Airfoil) 

A  1/4  Ton  Truck/Platform  +  Attaclimant  Struetr.  4  Bluing  (Airfoil)  4  image  Strut 

9  1/4  Ton  Truck/Platforai  Attachment  Struetr.  off  4  Lover  Airfoil  Wing. 

1C  1/4  Ton  Truck/Platform  4  Lower  Flat  Wing 

11  1/4  ton  Truok/Platf orn  4  Lower  Flat  Wing/6"  Cap 

12  300  Oel,  Tank/Uiapenaar/Platform  4  Image  Strut 

13  300  Oal,  Tank/Uiapenaar/Platformt  Image  Strut  off 

14  300  Uul.  Tank/Diapenear/Platform  4  Attachment  Struetr.  1-3/8"  Sap 

13  300  Sal.  Tank/Olaponaar/Platform  4  Attachment  Struetr.  4  Biving  (Flat)  1-3/6"  Oap 

10  300  Oal.  Tank/Diapenaar/PUtfen  4  Oft  Off  4  Low  Wing  1-3/6"  Sap 

17  300  Cal.  Tank/Olepanaar/Platfona  4  Low  Wing  0"  Oap 

Id  300  Cal.  Tank/Diapenaar/Platfsrm  4  Low  Wing  6"  Oap 

19  300  Cal.  Tank/Olapenaar/Platform  4  Struetr.  *  Bluing  (Flat)  4  30°  Dynamic  1-3/8"  Oap 

20  300  Oal.  Tank/Dlapanear /Platform  4  Single  Low  Wing  (Flat)  4  30°  Dynamic  0"  Cap 

21  1/4  Ton  Truck/Platform  4  Struetr.  4  giving  (Flat)  4  30°  Dynamic 

22  1/4  Ton  Truck/Platform  Oft  4  Single  Low  Wing  4  30°  Dynamic 

23  1-1/4  Ton  Truck/Platform  4  Image  Strut 

24  1-1/4  Ton  Truck/Platformi  Image  ftrut  off 

23  1-1/4  Ton  Truck/Platform  4  Attachment  Struetr. 

24  1-1/4  Ton  Truck/Platform  4  Attachment  Struetr.  4  Sluing  (Flat) 

27  1-1/4  Ton  Truak/Platformi  Attachment  Struetr.  off  4  Single  Lou  Wing  0"  Gap 

20  1-1/4  Ton  TrucU/FUtform  4  Single  Lou  Wing  6"  Cep 

29  1-1/4  Ten  TrucU/Flatfom  4  Single  Lou  Wing  12"  Cap 

30  1-1/4  Ton  Truak/FUttorm  4  Single  Lou  Wing  (V  >  130  MTK)  0"  Oap 

31  1-1/4  Ton  Truck/Platform  4  Single  Lov  Wing  (V  »  200  MFtl) 

32  1-1/4  Ton  Truck/Platform  4  Attaclimant  Struetr.  4  Single  High  Wing  (V  -  17S  MFtl) 

33  1-1/2  Ton  Truck/Platform  4  Image  Strut 

34  2-1/2  Ton  Truck/Fletformi  Imaga  Strut  off 

33  2-1/2  Ton  Truck/Platform  4  Attachment  Struetr.  4  Bluing  6"  Cap 

36  2-1/2  Ton  Truck/Platformi  Attachment  Str.  off  4  Single  Lou  Wing  (Flat)  6"  Cap 

37  2-1/2  Ton  Truck/Platform  4  Attaahnant  Struetr.  4  living  (Struetr.  Halted  one  inch)  0"  Cap 

3c  2-1/2  Ton  Truck/Platform  4  Actaelnane  Struetr.  4  Lov  Wing  (Struetr.  Halted  one  inch)  0"  Cap 

39  2-1/2  Ton  Truck/Platform  -  Attachment  Struetr.  4  High  Wing  (Struetr.  Relied  one  inch)  0"  Sap 

40  2-1/2  Ton  Truck/Platform  4  Attachment  Struetr.  0"  Gap 

-1  1/4  Ton  Truck/Platform  4  Parachute  ou  loon  Beetle 

42  1/4  Ton  Truck/Pletfcrm  4  Parechute  on  Boom  Dynamic 

43  1-1/4  Ton  Truck/Platform  Raar  Forvard  Orientation  0°  , 

44  1-1/4  Ton  Truck/Platform  *  Low  Wing  Rear  Forvard  Orlantatlon  O'3 
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tunnel  wall.  The  lanyard  was  released  When  the  tunnel  air  speed  reached 

steady  state.  The  time  history  of  the  oscillations  Was  used  with  the  moment  of 
inertia  and  reference  dimensions  of  the  model  to  compute  the  pitch  damping 
coeeficients . 

Aerodynamic  damping  is  related  to  aerodynamic 
moments  that  are  a  function  of  the  rate  of  change  of  angle  of  attack.  The 
actual  damped  oscillation  history  of  a  given  body  is  a  function  of  its  aero¬ 
dynamic  properties  and  Inertial  properties.  If  it  were  desired  to  obtain  an 
actual  "scaled"  oscillation/ time  history  of  some  aerodynamic  body,  it  would  be 
necessary  to  scale  the  Inertial  properties  of  the  model  as  well  as  the  physical 
dimensions.  Such  a  technique  would  allow  the  direct  measurement  of  full-scale 
damping  behavior  from  the  oscillation  history  of  the  model.  However,  a  great 
deal  of  effort  would  be  necessary  to  scale  down  the  weight  distribution  and 
inertial  properties  of  the  model  exactly,  This  problem  can  be  avoided  by 
solving  for  the  pitch  damping  moment  coefficient  which  is  related  only  to  the 
aerodynamic  properties  of  the  item,  The  angular  displacement  vs  time  history 
of  the  model  would  not  necessarily  duplicate  that  of  the  actual  item.  However, 
the  relative  effect  of  aerodynamic  damping  which  governs  the  stabilisation  of 
the  model  expressed  in  coefficient  form  could  be  used  along  with  the  inertial 
properties  of  the  full-scale  item  to  predict  its  performanct  mathematically. 

The  oscillation  histories  of  the  models  obtained  in 
the  wind  tunnel  were  of  the  form  of  a  damped  cosine  about  some  trim  angle  as 
shown  below. 
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The  general  form  of  the  equation  governing  this  type  of  motion  is 


x  +  2jju0x  +iu02x  -  f(t) 


where 


i  £  • 


the  damping  ratio 


U)  ■  angular  frequency  (1/aec) 
o 


f(t)«  driving  Junction 

The  general  equation  for  the  pitching  motion  of  the  aerodynamic  body  le 

X  q  ■  M  j.  <  •M#+H,J+Mq+H(t)  (2) 

pM  aerodynamic  a  i  q  a 

« 

wherei  q  ■  0  ■  time  derivative  of  the  pitch  angle  (0) 
a  ■  angle  of  attack 

X  ■  mass  moment  of  inertia  about  the  pitch  axis 
P 

In  the  wind  tunnel  environment,  the  pitch  angle  and  angle  of  attack  coincide 
1a/v  "9,0  **6  *  q.  Thue,  the  pitching  moment  equation  can  be  rewritten  aa 

x'e-  CM.  +  M  )  0  -  MS- M  ft)  0) 

P  Or  4  Or  Of 


Dividing  through  by  Ip,  the  equation  becomea 


0  -  |  H.  +M  1  0 


0  *  M  (t) 


Thia  fita  the  form  of  (1)  where 


2£%  ■  -OJj  +M(1)/Ip  and 


2  _  M 
“  -  flf/I. 


Valuea  for  u}Q  can  be  meaaured  from  the  wind  tunnel  tracea.  The  average 
period  la 


T  -  ttCtg-t^  +  <t3-t2>] 


-  2n  /T 


I  f  - u  "Yl  w4  Vf-VrW  fn Iff  "tft - . 


where : 


(C^  +  C  )  is  the  pitching  damping  coefficient 

A  “  reference  area  of  model 
i  m  reference  length  of  model 
v  ■  tunnel  air  speed 

Fitch  damping  coefficient  thus  obtained  were  used  in  conjunction  with 
the  static  aerodynamic  coefficients,  dimensions,  and  inertial  properties  of 
the  full-scale  cargo  as  Inputs  to  a  math  model  to  predict  actual  performance. 
The  pitch  damping  moment  coefficients  calculated  for  the  various  trials  of 
the  "500-gal  tank"  and  "fc-ton  truck"  models  are  shewn  in  Table  4. 

Coefficients  for  the  monowlng  mounted  on  the  500-gal  tank  could  not  be  computed 
baoauia  the  steady  state  oscillations  were  on  the  order  of  the  lnltiel 
displacement* 

4.  Math  Modeling 

a.  Math  Model  and  Computer  Analysis 

Mathematical  models  were  developed  for  computer  simula¬ 
tion  of  the  performance  of  the  different  airdrop  configurations.  These  models 
were  designed  to  Investigate  the  pitch  plane  motion  of  the  system.  Two  dif¬ 
ferent  models  were  developed}  one  for  the  bridle  configuration  and  one  for  the 
boom  configuration.  The  major  difference  in  the  models  is  the  treatment  of 
the  interaction  of  the  line  tension  forces  and  the  cargo.  Also  a  special 
treatment  of  the  bridle  configuration  was  developed  to  determine  if  part  of 
the  bridle  reached  a  slack  condition.  Either  model  oan  be  used  for  the  wing 
configurations, 


The  analysis  is  a  two-dimensional  study  incorporating 
the  interaction  which  occurs  between  airplane,  cargo. and  parachute.  As 
developed,  three  performance  phases  have  been  accounted  for.  The  first  phase, 
called  extraction,  involves  the  motion  of  the  cargo  within  the  airplane.  This 
phase  begins  when  the  extraction  parachute  is  fully  Inflated  and  ends  when  the 
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TABLE  4.  PITCH  CAMPING  MOMENT  COEFFICIENTS 


Trial 

500-Gal.  Tank 
Biwing 

Run  803-19 

500-Gal.  Tank 

Low  Single  Wing 
Run  803-20 

M38A1 

1/4-ton  truck 

M38A1 

1/4- ton  truck 
Low  Single  Wing 
Run  803-22 

(Sec) 

. 

(Sec) 

(Sec) 

1 

-.00349 

h  " 

-.00725 

-.00209 

2 

-.0036 

-.00404 

-.00184 

3 

-.00293 

-.00483 

-.00187 

4 

-.00284 

-.00529 

-.00261 

A  Vg . 

- .00322 

...  ...  j  1  Ul—  \ 

0.0  * 

-.00535 

-.00210 

_ 

*t 

-6  Deg 

-15  Deg 

-3  Deg 

-12  Deg 

'’'Damping  moment  coefficients  for  this  configuration  could  not  be  computed 
because  the  natural  oscillation  amplitude  of  the  system  was  on  the  same 
order  of  the  initial  angular  displacement.  The  pitch  oscillations  were 
on  the  order  of  +  15  degrees  about  a  trim  angle  of  -15  degress. 
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reaction  between  the  cargo  and  the  cargo  ramp  reaches  the  ramp  edge.  The 
second  phase,  called  tip-off,  involves  the  motion  of  the  cargo  at  the  ramp 
edge.  This  phase  ends  when  the  cargo  is  no  longer  in  contact  with  the  ramp 
edge.  The  third  phase  involves  the  motion  of  the  cargo  and  parachute  during 
free-fall. 

b.  Results 

The  first  group  of  cargo/stabiliser  configurations 
examined  with  the  computer  simulation  consisted  of  those  which  were  tested  in 
the  wind  tunnel.  Certain  estimates  had  to  be  made  to  establish  momenta  of 
inertia  and  locations  of  e.g.'s  of  cargos  with  stabilising  structures  attached. 
Weight  estimates  for  the  various  stabiliser  structures  were) 


Biwing 

500 

lb 

Monowing 

O 

o 

lb 

Extended  Bridle  Structure 

300 

lb 

Simple  Boom  or  Bridle  Attachment 

100 

lb 

The  following  assumptions  were  made  for  the  first  round 

of  computer  analysis! 

(1)  The  height  of  the  biwing  structure  Is  7  feet. 

(2)  Each  folding  wing  extension  is  4  ft  (chord)  x  6  ft. 

(3)  The  monowing  is  mounted  low  on  the  platform  extension 
from  the  aft  of  the  cargo. 

(4)  Each  wing  extension  from  the  side  of  the  structure  Is 
4  ft  (chord)  x  6  ft. 

(5)  The  email  drogue  used  to  deploy  the  biwing  and 
monowing  is  a  4  ft  diameter  ringslot, 

(6)  The  attachment  point  of  the  drogue  ie  1  ft  above  the 
floor  of  the  platform. 

(7)  Deployment  of  the  wings  occurs  instantaneously  after 
tipof f . 

(8)  The  height  of  the  bridle  attachment  structure  is 
7  ft. 
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(9)  Thu  length  of  each  bridle  line  is  3  ft  (6  ft  pro¬ 
jected  in  the  pitch  plane. 

(10)  The  riser  line  to  the  stabilization  parachute  is 
60  feet  long, 

(11)  The  stabilization  parachute  used  for  the  "50Q-gal. 
tank"  and  the  "l>08Al  i;-ton  truck"  configuration  is 
a  10-ft-d inmeter  ringslot.  The  stabilization  para¬ 
chute  used  for  the  "M561  1^-ton  truck"  and  the 
"M36A2  2%-ton  truck"  configuration  is  a  15“ ft- 
diameter  rings  lot. 

(12)  Deployment  of  the  stabilization  parachute  occurs 
instantaneously  after  tipoff. 

(13)  Initial  altitude  is  10,000  ft. 

(14)  Aircraft  Velocity  1b  150  KIAS. 

Pitch  damping  moment  coefficients  for  the  50O-gal  tank 
and  Vton  truck  equipped  with  the  biwlug  and  monowing  stabilizers  were 
calculated  from  wind  tunnel  tests  as  described  in  section  lll*3-b.  The  coef¬ 
ficient  for  the  monowing  on  the  500-gul  tank  was  assumed  to  be  zero  because 
damping  in  the  wind  tunnel  toot  was  not  significant  enough  to  be  measured. 
Damping  moment  coefficients  for  the  li-ton  truck  and  the  2^-ton  truck  were 
estimated  by  linearly  extrapolating  the  measured  values.  The  dumping  moment 
coefficient  for  the  bridle  extension  structure  alone  was  assumed  to  be  half  the 
value  obtained  by  multiplying  the  relevant  coefficient  for  the  biwing  times 
the  ratio  of  top  and  bottom  surface  area  of  the  extension  structure  to  the 
bi-wing  surface  area.  For  the  500-gnl  tank  configuration,  the  damping  moment 
coefficient  for  the  bridle  extension  structure  was  assumed  to  be  zero  because 
of  the  problem  associated  with  the  monowing  in  the  wind  tunnel  test.  These 
estimates  are  merely  first  approximations  but  are  accurate  enough  for  prototype 
design  analysis  ■ 

Results  of  initial  computer  runs  revealed  a  problem 
created  by  the  two-dimensional  math  model  that  had  not  been  anticipated.  Lift 
force  on  some  of  the  cargo/stabilizer  configurations  is  significant,  and 
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causes  considerable  velocity  in  the  direction  of  the  lift  vector  to  accumulate 
as  descent  time  increases.  The  problem  is  accentuated  with  stabilising  con¬ 
figurations  such  as  the  monowing  which  generate  high  lift  forces  and  create 
relatively  large  non-zero  trim  angles.  The  problem  was  not  particularly 
noticeable  during  HLPAT  airdrops  because  the  cargos  tended  to  roll  slowly. 

Roll  changes  the  direction  of  the  lift  vector  so  that  lift-created  velocity 
does  not  accumulate  in  one  direction.  Instead,  the  lift-oriented  velocity 
createe  a  spiral  trajectory  about  an  ideal  ballistic-type  trajectory.  How¬ 
ever,  in  the  two-dimensional  program,  the  lift  created  velocities  become 
additive  and  make  the  cargo  "sail"  beyond  or  behind  the  no-llft  trajectory. 

The  sensitivity  of  tha  problem  was  examined  by  computer 
runs  for  cargo/etablliser  configurations  for  the  M38A1  %-ton  truck  with  *nd 
without  considering  lift.  The  most  dramatic  difference  was  encountered  with 
the  monowing  stabiliser  as  illustrated  by  the  trajectories  plotted  in  Figure 
10.  The  cargo  with  the  monowing  trimmed  about  an  angle  of  attack  of  -10 
degrees,  allowing  the  lift  force  to  decrease  the  trajectory  radlue  of  ourva- 
ture.  In  the  early  phases  of  the  trajeotovy,  the  cargo  is  driven  downward 
faster  than  would  be  expected  from  just  the  effaot  of  gravity,  As  the  tra¬ 
jectory  angle  steepens,  tha  cargo  la  driven  back  toward  the  release  point. 

The  situation  is  also  illustrated  by  the  change  in  the  vertical  component  of 
velocity  aa  e  function  of  time  as  shown  in  Figure  11, 

In  spite  of  the  limitation  of  the  two-dimensional 
model,  It  was  daoldad  to  consider  tha  lift  force  in  subsequent  analyses  be¬ 
cause  It  was  felt  that  the  results  would  be  representative  if  the  monewing 
provided  some  roll  stability  or  produced  very  slow  roll  rate.  In  addition, 
prediction  of  actual  cargo  trajectories  is  beyond  the  scope  of  this  program 
and  was  not  considered  as  a  major  decision  criterion.  The  main  decision 
feotors  were  the  oscillation  performance;  the  overall  descent  rate;  the 
simplicity  of  fabrication;  and  adaptability  of  the  system  to  current  hardware, 
rigging,  end  airdrop  procedures. 


fc-'-  v 


37 


Figure  10, 

Effect  Of  Lift  On  Trajectories  In  2-D  Program 
(1/4-Ton  Truck  w/Monowing) 


T?'  .•’.’aT7.f/?TJ!r.— T.^ E*r T." ‘ ^  ;?-••“ 


Criteria  that  were  Isolated  for  decision  analysis  were: 

(1)  Maximum  Initial  angular  oscillation  after  tipoff, 

(2)  Angular  oscillation  after  20  seconds  of  flight. 

(3)  Trim  angle. 

(4)  Altitude  after  20-sac.  flight, 

(5)  Vertical  component  of  velocity. 

(6)  Total  velocity  after  20-aac,  flight. 

Results  for  the  four  cargo  configurations  are  shown  in 

tables  5  through  9. 

Performance  of  the  simple  boom  extension  and  non-extended 
bridle  attachment  was  not  satisfactory.  Neither  system  was  efficient  enough 
to  reduce  oscillations  to  the  desired  range  in  a  reasonable  flight  time  with¬ 
out  the  use  of  a  relatively  large  parachute. 

The  biwing  stabiliser  produced  the  best  flight 
characteristics  in  terms  of  the  highest  terminal  velocities,  smallest  trim 
angle,  and  smallest  pitch  oscillations.  However,  design  problems  become 
severe,  especially  when  trying  to  adapt  the  system  to  the  Type  II  platform 
and  existing  extraction  techniques.  Bending  loads  Imparted  by  the  biwing 
cannot  be  carried  by  the  Type  II  platform  Without  extensive  modification.  It 
is  doubtful  that  either  the  Type  V  or  METRIC  platform  can  carry  the  large 
longitudinal  bending  moments  without  considerable  modification.  In  addition, 
the  mechanism  needed  to  deploy  and  support  the  biwings  is  heavy  and  complex 
and  clutters  the  path  needed  for  direct-cargo-attnchment  of  extraction  equipment. 
Extraction  of  heavy  cargos  through  the  biwing  structure  would  require  added 
strength  for  both  the  structure  and  the  platform. 

In  most  cases  the  overall  performance  of  the  monowing 
and  extended  bridle  attachment  system  were  comparable  as  to  pitch  plane  oscil¬ 
lation  and  trirri  angle.  However,  the  basic  low-mounted  monowing  did  not 
stabilize  the  M561  1%-ton  truck.  There  may  be  other  cargo  loads  in  the  in¬ 
ventory  that  oould  not  be  stabilized.  Wind  tunnel  tests  showed  that  mounting 
the  monowing  approximately  seven  feet  off  the  floor  of  the  platform  would 
provide  a  stable  configuration  as  would  extending  the  low-mounted  monowing 
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500  Gal.  Tank  w/Dispenser 


m 

r>w 

|W 

280 

287 

• 

1 

3 

H 

o 

o 

1 

cc 

N  ' 

00 

N 

m 

\o 

H 

H 

• 

r> 

ro 

Vf 

00 

i 

3 

N 

N 

o> 

H 

n 

<n 

in 

CN 

CM 

i 

VO 

s© 

SO 

so 

-30 

* 

VO 

H 

<N 

N 

CM 

4J  rs 

SE 

9  w 

i 

to 

y  4J 

3*a 

4  i_J 

city  After 
light  (TPS) 

• 

to 

£ 

O 

cs 

8  u 

H  Cl) 

<U  0*1 

st 

ij  *; 

$ 

<  b 

►  0 

0 

M 

m 

h  es 

rt 

4)  « 

4 

5 

'©  4J 

a -a 

•4  <|4 
Ml  i-4 
i-4  cm 
< 

3  14 

•H  41 

U  Ml 

p» 

Total  V 
20  Sec 

20  Sec.  Flii 


2- 1/2 -Too  Truck 


tpolation  of  Data  Outside  of  Known  Values. 


at'tward  one  chord  length  or  reversing  the  cargo  on  the  platform.  However, 

these  configurations  were  not  subjected  to  computer  analysis.  It  is  felt 
that  the  structural  problems  that  would  be  presented  by  either  the  raised 
monowing  or  blwing  would  render  them  unsuitable.  The  practicality  of  re¬ 
versing  the  cargo  on  the  platform  would  be  a  function  of  the  problems  en¬ 
countered  in  extracting  from  the  front  of  the  cargo  and  in  retraining  riggers. 

Based  on  flight  performance  characteristics!  cost, 
practicality,  design  simplicity,  and  compatibility  with  current  airdrop 
systems,  the  extended  bridle  attachment  technique  emerged  as  the  most  practical 
near-term  configuration  for  a  staged, high-level, platform  airdrop  system. 

Following  the  Initial  computer  enalyals  needed  to 
identify  the  best  candidate,  additional  simulations  were  run  to  examine  cargos 
weighing  up  to  35,000  lb  and  release  altitudes  of  25,000  ft.  In  order  to 
consider  s  "worse  case  condition"  for  stabilization,  ell  simulations  for 
25,000  ft  release  altitude  were  done  for  a  130  KIAS  aircraft  speed  rather  than 
the  150  KIAS  as  were  those  for  the  initial  runs.  Only  large  cargo/platform 
conditions  ware  considered  for  the  25,000  ft,  release  analysis.  These  ware: 
o  2V-ton  truck  -  24-ft  platform 
o  ARAAV  -  24-ft  platform 
o  D5  Full  Tracked  Tractor  -  20-ft  platform 
o  lfc-ton-truck  -  20-ft  platform 

Some  liberties  had  to  be  taken  In  establishing  the 
aerodynamic  characteristics  of  the  ARAAV  and  D5  tractor.  The  wind  tunnel 
aerodynamic  characteristics  for  tho  2^ -ton  truck  were  used  for  the  ARAAV  and 
the  wind  tunnel  results  for  the  1^-ton  truck  were  used  for  the  D5  tractor. 
Parachutes  considered  were  a  12-ft  diameter  rlngslot,  15-ft  diameter  rlngelot, 
and  22-It  diameter  rlngslot. 

To  assess  the  possibility  of  using  12-ft  diameter  para¬ 
chutes  for  the  larger  loads  ,  a  simulation  for  the  l4;»ton  truck  was  run  with  a 
12-ft  diameter  configuration  at  10,000-ft  altitude  and  150  KIAS.  As  would  be 
expected,  the  results  showed  that,  In  general: 
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1)  The  12-ft  diameter  stabilization  parachute  allows 
larger  oscillations  than  does  the  15-ft  diameter 
parachutes.  The  difference  is  on  the  order  of 
25-30%.  However,  for  the  larger,  heavier  loads 
such  as  the  ARAAV  and  2^-ton  truck,  the  magnitude  of 
the  initial  oscillations  becomes  very  undesirable,, 
l.e. (greater  than  -45°. 

2)  Reducing  the  aircraft  velocity  from  130  to  130  KIAS 
causes  an  Increase  in  initial  oscillations  (approx¬ 
imately  25-30%). 

3)  Descent  velocities  from  25  ,  000-ft  release  altitudes 
are  significantly  higher  (approximately  100  fps)  than 
descent  velocities  from  10,Q00*£t.  It  should  be  noted 
that  descent  velocities  presented  are  for  20  seconds 
of  flight  time  and  that,  from  the  25,000-ft  release 
point,  they  have  not  reached  peak.  From  the  curves 
generated  by  the  plotter,  it  appears  that  velocities 
could  Increase  about  another  20-40  fps  before  begin¬ 
ning  to  decrease  under  the  influence  of  increasing 
air  density. 

4)  Increasing  the  sis*  of  the  stabilising  parachute  de¬ 
creases  ths  oscillations  but  also  decreases  the 
descent  velocity. 

The  smallest  allowable  stabilisation  parachute  is  a 
function  of  the  physical  and  aerodynamic  character!!*  tics  of  the  cargo  as  well 
as  the  performance  criteria  chosen  to  limit  the  selection,  such  ns  initial 
oscillation,  the  rate  of  oscillation  reduction,  terminal  velocity,  etc.  based 
on  the  simulations  examined,  the  primary  characteristic  that  drives  parachute 
selection  appears  to  bs  mass  moment  of  inertia  about  the  u.g.  Table  10  sum¬ 
marises  some  pertinent  results  of  ths  computer  simulations.  The  important 
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results  are  for  the  total  range  of  Initial  pitch  angle  (plus-to-minue  ampli¬ 
tude),  the  range  of  pitch  angle  after  20  seconds  flight  time,  and  the  oscilla* 
tion  ratio,  defined  aa  the  "20-sec  pitch  range"  divided  by  the  "initial  pitch 
range".  The  oscillation  ratio  gives  an  indication  of  the  rata  of  stabiliza¬ 
tion, 

Examination  of  Table  10  repeals  several  things: 

1)  The  magnitude  of  the  pitch  angle  range  and  the  oscil¬ 
lation  ratio  are  affected  by  the  aircraft  Bpeed  at 
extraction  as  well  as  the  size  of  the  stabilization 
parachute. 

The  elower  aircraft  speeds  reduce  extraction  force. 

In  fact,  the  results  are  relatively  sensitive  to 
aircraft  speed  and  every  effort  should  be  made  to 
conduct  airdrops  at  airspeeds  at  the  upper  end  of  the 
allowable  range  (130  KIAS) . 

2)  There  la  a  ganeral  requirement  for  larger  stabiliza¬ 
tion  parachutes  aa  platform  length  and  cargo  weight 
increase.  However,  implicit  in  these  increases  is 
also  an  Increase  in  moment  of  inertia.  For  example, 
in  Table  10,  the  results  for  the  20-ft  platform 
cargos  indicate  that  larger  parachutes  would  be 
needed  for  the  D-5  tractor  than  for  the  1%-ton  truck 
to  maintain  performance  even  though  the  platforms  are 
the  same  length,  In  this  case  weights  and  moments  of 
inertia  for  the  two  cargos  remain  proportional.  On 
the  other  hand,  the  ARAAV  is  nearly  twice  as  heavy  ab 
the  M36A2  21-ton  truck, but  its  mass  moment  of  inertia 
is  comparable  because  of  the  extended  length  of  that 
model  truck.  The  pitch  performance  results  for  the 
ARAAV  and  21-ton  truck  are  comparable.  Thus,  mass 
moment  of  inertia  seems  to  be  the  basis  for  stabiliza¬ 
tion  parachute  selection. 


3)  The  oscillation  ratio  remains  relatively  constant 
for  a  given  parachute  size  and  aircraft  speed  re¬ 
gardless  of  the  initial  pitch  angle  range.  Thus, 
to  reduce  oscillations  to  the  minimum  possible  in 
the  shortest  time,  it  is  desirable  to  keep  the 
initial  pitch  oscillation  range  os  small  as 
passible  consistent,  with  structural  limitations  of 
the  bridle  extens'on  system, 

The  results  are  plotted  graphically  in  Figure  12  .  From 
this,  recommendations  for  stabilization  parachute  size  are.  obtained  and  pre¬ 
sented  in  Table  11, 

B.  'Recommended  Configuration 

Based  on  consistency  of  performance,  simplicity  of  function, 
and  compatibility  with  current  airdrop  operations,  the  extended  bridle 
attachment  technique  was  recommended  mb  the  best  stabilization  candidate 
for  prototype  fabrication  and  full-scale  tenting. 

The  basic  system  operation  and  an  artist's  concept  of  the 
rigged  configuration  ure  shown  in  Figure*  13  and  14.  The  structure  is  made 
of  2.5  in.x  2.5  in.x  1/8  in. square  tubing  of  A STM  A-SOO  steel  Grade  C, 

Design  of  the  structure  la  such  that  the  loads  are  distributed  through  two 
18-in.high  tubular  steel  trusses  which  are  attached  to  the  existing  platform 
tails.  The  top  member  of  the  trusses  is  a  square  lulu?  ']  in.x  3  in.x  1/4  in, 
thick,  The.  upper  members  of  the  extension  structure  are  connected  by  an 
aluminum  honeycomb  panel,  Thu  main  purpose  of  the  panel  is  to  provide  a 
"ramp"  surface  over  which  the  packed  recovery  parachutes  travel  during 
their  deployment  in  the  final  recovery  phase.  This  panel  also  contributes 
an  aerodynamic  effect  that  aids  the  stabilization  of  the  airdrop  assembly. 
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Minimum  Stabilization 


sA.v  „ 


High  Level  Platform  Airdrop  System  -  Sequence  of  Events 


HIGH  LEVEL 


Figure  14. 

High  Level  Platform  Airdrop  System  -  Rigged  Configuration 


C.  Structural  Design 

Structural  design  calculations  were  bated  on  the  aaeumptlon 
that  restoring  torque  from  the  stabilizing  device  is  transmitted  to  the 
cargo  through  the  platform  rails,  honeycomb,  and  tiedowns.  Restoring 
torque  must  be  resisted  by  the  platform  rails  (reinforced)  until  a  point 
is  reached  where  the  torque  can  be  reacted  by  the  honeycomb  or  tiedowns. 

It  was  assumed  that  the  restoring  torque  would  be  reacted  at  two  points 
rather  than  distributed  over  the  length  cf  the  platform.  The  actual 
distribution  of  farces  and  momenta  along  the  platform  is  very  complicated 
because  of  the  multiplicity  of  honeycomb  supports  and  tiedowns.  The 
assumption  of  a  two-point  honeycomb  support  configuration  is  conservative 
and  made  it  possible  to  examine  the  structure  by  conventional  analytical 
methods.  A  sketch  dcicrlbing  the  model  used  in  the  structural  analyses  is 
shown  in  Figure  15,  This  model  was  developed  for  the  M561  lfc-ton  truck 
which  was  Judged  to  be  the  moat  critical  ease  because  the  first  major  block 
of  honeycomb  support  is  4  feet  forward  of  the  interface  with  the  bridle 
extension  structure.  The  support  at  the  end  opposite  the  bridle  extension 
was  assumed  to  be  two  feat  from  the  end  of  the  platform  thus  providing  the 
model  shown  in  the  sketch.  Also,  the  pull  of  the  parachute  was  assumed  to 
be  oriented  so  that  its  force  was  applied  through  a  single  bridle  element 
whose  projection  described  an  angle  of  45  degrees  to  the  plane  of  the 
bridle  attachment  frame  in  both  the  plan  and  side  elevation  views.  The 
geometry  of  the  bridle  is  such  that  at  this  attitude  only  one  element 
will  be  taut. 

Using  the  model  shown  in  Figure  15  end  the  7050-lb 
(31.360  N)  pull  of  e  15-foot  (4.5M)  ring  slot  parachute  at  150  KIAS, 
the  structure  was  analyzed  with  the  parachute  load  applied  at  both  the 
top  and  bottom  of  the  bridle  frame.  The  parachute  load  applied  at  the 
bottom  of  the  frame,  combined  with  the  expected  air  loads  on  the  platform, 
was  found  to  be  the  critical  condition.  In  performing  the  etructurel 
analyses,  the  applied  load  was  multiplied  by  e  1.65  safety  factor  to 


obtain  the  design  load.  The  stresses  produced  by  this  design  load  were 
compared  with  the  yield  allowables  of  the  materials.  A  positive  margin 
of  safety  obtained  from  these  calculations  was  employed  as  an  indication 
of  acceptable  design. 

D.  Teat  Equipment 

Two  sets  of  test  equipment  were  fabricated  and  delivered  to 
the  Yuma  Proving  Ground  for  uae  in  a  government  conducted  test  program. 

Each  set  consisted  of  the  following! 

1  -  12-foot  platform  assembly 

1  -  16-foot  platform  assembly 

1  •  24- foot  platform  aaaembly 

These  lengths  Include  the  four-foot  extension  odded  to 
each  platform  to  which  the  bridle  elements  are  connected.  Views  of  12-foot 
and  24-foot  platform  asaemblies  are  shown  in  Figures  16,  17  respectively. 

A  schematic  of  the  stabilising  system  rigging  ie  shown  in 
Figure  IB.  While  in  the  aircraft  the  extraction  parachute  is  attached 
directly  to  the  cargo  through  a  35K  coupling.  The  coupling  release 
mechanism  is  mounted  on  the  platform  rail  in  an  opening  designed  into  the 
reinforcement  trust.  One  epool  of  the  35-K  coupling  link  la  connected  to 
the  packed  stabilisation  parachute  so  that  when  the  link  la  released  from 
the  cargo,  force  from  the  extraction  parachute  deploys  the  stabilisation 
parachute  and  extends  the  bridle  auapenalon  lines. 

The  bridle  lines  and  stabilisation  parachute  are  connected 

with  a  three-spool  link  which  contains  a  barometrically  actuated  ballistic- 
knife  line  cutter.  The  cutter  is  used  to  sever  the  line  connecting  the 
stabilization  bridle  confluence  to  the  etabilizatlon  parachute  link  at  a  pre¬ 
determined  altitude.  A  third  line  connects  the  etabiliaing  parachute  link 
to  the  packed  recovery  parachutee  eo  that  when  the  line  to  the  bridle  is 
severed,  the  force  from  the  stabilising  parachute  is  transferred  to  the 
recovery  parachutes. 
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Figure  18. 

Schematic  of  HLPADS  Rigging  Components 


E.  Instrumentation 

In  order  to  acquire  information  that  will  be  useful  in  future 
refinements  of  the  system,  it  is  desirable  to  measure  the  actual  loads 
Imposed  on  the  principal  members  of  the  bridle  and  truss  structures.  An 
on-board  instrumentation  system  was  provided  to  measure  and  record  these 
loads. 

A  rugged  eight-channel  recorder  waa  acquired  that  waa  capable 
of  surviving  15g  accelerations  in  any  dlractlon.  Eight  channels  of  strain 
Information  is  recorded  on  this  instrument.  The  recorder  operates  on  115** 
volt,  60-Ha  power,  which  presented  a  problem  since  the  only  source  of 
electric  powAr  aboard  the  load  must  be  a  battery.  A  system  was  designed 
that  employed  a  standard  12-volt  atoraga  battery  aa  the  prime  energy  aource, 
An  inverter  wee  provided  to  convert  the  D.C.  of  the  battery  to  the  A.C.  form 
required  by  the  recorder.  Other  featurea  of  the  dealgn  were  the  incluaion 
of  a  reaistance  type  heater  and  thermoawitch  to  maintain  the  temperature 
inalde  the  box  above  a  60-dagrea  minimum,  end  a  variable  time  switch  to 
shut  down  ths  systsm  after  e  eat  time  period.  Thle  time  is  variable  from 
15  seconds  minimum  to  30  seconds  maximum.  Provisions  have  been  made  to 
start  the  recorder  upon  first  motion  of  the  load,  A  view  of  thle  instrument 
etlon  assembly  la  shown  in  Figure  19, 

It  wee  nacasaary  to  protect  the  racordar  from  overshock  at 

load  touchdown.  This  waa  accompliahad  by  designing  a  mount  for  the  instru¬ 
mentation  package  that  constrained  the  motion  of  the  assembly  in  all  except 
the  vertical  direction.  In  tha  vertical  direction,  the  assembly  rests  on  a 
stack  of  honeycomb  matarial  that  is  configured  to  control  the  peak  deceler¬ 
ation  to  15g's  at  a  30-foot -per -second  touchdown  velocity. 

IV.  CONCLUSIONS  AND  RECOMMENDATIONS 

Theoretical  analysis  has  shown  that  the  four-point  extended  bridle 
structure  equipped  with  a  relatively  small  parachute  1b  capable  of 
significantly  reducing  pitch  oscillation  of  the  catgo  and  maintaining  a 
low-drag  stable  orientation  during  the  high-spued  descent  phase  of  a  two 
stage  airdrop  system.  Stress  and  functional  analyses  have  indicated  that 


61 


igure  19.  View  of  Instrumentation  Assembly 


the  recommended  configuration  is  structurally  sound  and  will  perform 
successfully  in  the  airdrop  environment.  However,  as  in  any  system  of 
this  type,  the  proof. lies  in  field  testing.  Areas  of  concern  that  must 
be  verified  include: 

o  The  eequencing  of  events  in  the  total  system  from  extraction 
through  final  recovery. 

o  The  amplitude,  frequency,  and  rate  of  damping  of  the  cargo 
pitch  oscillation  as  a  function  of  cargo  weight,  alee,  and 
moment  of  inertia, and  the  alee  of  the  stabilizing  parachute, 
o  The  strasaes  Imparted  to  various  key  structural  components , 
Fabrication  of  prototype  hardware  was  accomplished  as  part  of 
the  contract  requirements  and  a  series  of  airdrop  tests  is  being  planned. 

It  is  recommended  that  Initial  airdrop  tests  be  conducted  with  relatively 
lightweight  test  tubs  on  12 -ft  platforms.  Once  functioning  of  the  system 
is  verified,  the  length  and  weight  of  the  cargo  can  be  increased  and 
Instrumentation  should  be  added  to  monitor  loads  in'  the  structure.  It  is 
expected  that  taat  results  will  show  that  tha  size  of  the  reinforcement  . 
trusses  can  be  reduced  so  that  rigging  and  da-rigging  can  be  simplified  and 
overall  weight  can  be  reduced. 
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